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ABSTRACT 


p. -.e.-..-.  -r.:,\ry-  r_rrivr{j  non  n  ■,vh.'-.!r  h:,.ly  =  cobalt-fid 

source  followed  by  allogeneic  bone  marrow  transplant,"..  The  animals  were  randomly 
divided  into  thre,  groups:  (1)  bon*  marrow,  no  drug;  (2)  bone  marrow,  axathinprine; 
ami  (P. )  bom  liia'nnw,  amcihopU  rlr.,  Supj-nrtivc  rare  waa  the  same  for  all  groups. 
Although  there  a  atatiatieally  significant  prolongation  of  the  average  survival 
time  in  the  group  rrreiving  smethnptrrin,  thr  net  effect  was  one  of  briefly  delaying 
the  unset  of  secondary  disease  as  the  clinical  course  of  these  animals  ultimately 
paralleled  that  of  the  other  cruups.  Ttkrc  was  no  significant  difference  in  the  average 
survival  time  of  the  aiathiuprlne  group  as  compared  with  the  control  gioup,  and  by 
the  criteria  cited  there  were  fewer  takes  effected  in  the  animals  receiving  nsathioprlne. 
The  two  drugs  tested  were  essentially  ineffective  In  the  dose  levels  and  regimens 
utilised. 


EffECT  Of  AZATHIOPBIME  AND  AMETKOPTIBIN  ON  SECOND  ABY  DISEASE 
ifi  THE  BH5U3  HO0IY 


I,  INTRODUCTION 

Considerable  aperies  variation  exist*  in  the 
course  of  secondary  disease  after  poatirradia- 
iion  allogeneic  bone  marrow  transplantation. 
In  mice  iate  mortality  may  range  up  to  100%, 
end  in  dogs  a  clinically  severe  syndrome  has 
hapn  rfMrrihA,’  by  Ttinpi».«  et  al.  (22,  23)  and 
Cole  and  Alpen  (7).  Other  species  have  been 
shown  to  manifest  secondary  disease,  and  the 
species  differences  have  been  summarized  by 
Van  Putten  (21).  In  primates  successful  post¬ 
irradiation  allogeneic  bone  marro  v  transplanta¬ 
tion  is  followed  by  the  rapid  onset  of  a  severe 
and  uniformly  fatal  form  of  secondary  disease. 
The  clinical  syndrome  and  pertinent  pathologic 
findings  have  been  well  documented  in  the 
rhesus  monkey  (8.  9,  10).  The  similarity 
between  the  course  of  secondary  disease  in  the 
monkey  and  man  provides  a  potentially  useful 
model  to  evaluate  the  ability  of  various  im¬ 
munosuppressive  agents  to  modify  secondary 
disease  in  humans  (6). 

Uphoff  (26)  in  1968  showed  that  amethop- 
terin  was  effective  in  altering  the  course  of 
secondary  disease  in  mice;  this  finding  was 
later  confirmed  by  Lochte  et  al.  (14).  Thomas 
and  his  associates  (23,  24,  26)  have  shown  that 
in  dogs  reviving  allogeneic  bone  marrow  trans¬ 
plants  it  Is  possible  to  increase  the  survival 
time  by  treatment  with  amethopterln.  Treat¬ 
ment  regimens  included  administration  of 
amethopterln  both  pre-  and  posttransplanta- 
tion.  There  ia  limited  information  available  in 
the  literature  on  the  effect  of  immunosuppres¬ 
sive  agents  on  the  course  of  secondary  disease 
in  the  rhesus  monkey,  Van  Putten  (2*;  in 
1964  reported  preliminary  results  using 
amethopterln  and  a2athioprine  and  suggested 


that  the  drugs  might  prove  useful.  Since  the 
completion  of  this  study,  more  information  has 
become  available.  Muller-Berat  et  al.  (19)  and 
Van  Bekkum  (6)  have  reported  ionic  success 
In  modifying  secondary  disease  in  monkeys  by 
use  of  amethopterin  and  cyclophosphamide, 
with  a  greater  degree  of  success  using  the 
latter  drug. 

The  ability  of  azathioprine  to  suppress  im¬ 
mune  responses  in  humans  after  organ  trans¬ 
plants  and  the  effectiveness  of  amethopterin  in 
attenuating  secondary  disease  in  rodents  and 
dogs  prompted  a  trial  of  these  drugs  in  the 
rhesus  monkey. 

II.  MATERIALS  AND  METHODS 

Forty-five  rhesus  monkeys  (27  males  and 
18  females),  weighing  2.4  to  3.6  kg.,  were 
divided  into  16  sets  of  3  animals  each.  In  each 
set  the  animals  were  of  similar  weights  and 
identical  sex  and  red  cell  type.  Erythrocytic 
typing  in  the  rhesus  monkey  has  been  pre¬ 
viously  described  by  Owen  and  Anderson  (20). 
Animals  within  each  set  were  randomly  as¬ 
signed  to  one  of  the  two  drug  groups  or  the 
control  group.  The  animals  were  used  as  both 
donors  and  recipients,  and  animals  within  each 
set  were  randomly  matched  for  this  purpose. 

The  animals  were  lightly  anesthetized  with 
intravenous  ec:I.:«n»  thiopental;  both  buttocks 
and  thighs  wciv  zhaved  and  prepared  for  sur¬ 
gery,  and  a  stab  wound  was  made  over  the 
greater  trochanter  of  one  of  the  femurs.  A 
hole  was  drilled  through  the  trochsmteric  fos¬ 
sa  using  a  Steinmann  pin  (•/»*  or  Vfc  inch)  in 
a  hand  chuck.  This  route  of  obtaining  bone 
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marrow  specimens  from  the  rhesus  monkey 
hM  boen  described  by  several  authors  (1.  12). 
A  Vim-Silverman  needle  (3*41  inches)  waa  in- 
**rt*d  into  *he  marrow  cavity  and  the  marrow 
aspirated  by  advancing  and  retracting  the 
needle  several  times  along  the  length  of  the 
marrow  cavity.  The  needle  waa  connected  to  a 
vacuum  source  through  a  three-way  stopcock, 
which  allowed  the  marrow  to  be  intermittently 
mixed  with  heparinized  TC-199  medium 
(Difoo)  during  aspiration.  After  the  marrow 
waa  obtained  from  one  femur,  the  animal  was 
turned  and  the  procedure  repealed  on  the  op¬ 
posite  aids.  This  technic  la  relatively  simple, 
and  it  is  possible  to  aspirate  the  marrow  from 
the  femurs  of  8  monkeys  in  l*4i  to  2  hours.  By 
uae  of  thia  method,  the  transplants  were  per¬ 
formed  four  days  a  week  for  a  period  of  two 
weeks. 

The  vacuum  apparatus  is  shown  in  figure  1. 
The  vacuum  pump  was  connected  to  a  tank, 
which  served  to  dampen  any  marked  pressure 
changes  within  the  system;  the  pressure  was 
held  at  approximately  V4  atmosphere.  A  bleed¬ 
er  valve  allowed  the  pressure  to  be  increased 


nbove  the  minimum  obtained  with  the  pump 
alone,  if  desired.  A  aldcarm  flask  served  ss 
a  trap  to  exclude  any  fluid  accidentally  aspirat¬ 
ed  beyond  the  plastic  tube  used  for  marrow 
collection.  The  plastic  tube  waa  removed  when 
partially  filled;  additional  media  were  added; 
then  the  tube  was  capped  with  a  perforated  top 
and  stored  in  ice.  Connections  between  the 
pump,  tank,  and  other  points  within  the  system 
were  made  with  Tygon  tubing, 

After  aspiration,  the  marrow  waa  mixed 
with  an  additional  30  ml.  of  TC-199  medium  to 
a  final  volume  of  approximately  90  ml.  Heparin 
(10,000  U.S.P.  units),  32,000  units  of  penicillin, 
and  40  mg.  of  streptomycin  were  added  to  each 
liter  of  TC-199  medium,  The  aspirated  marrow 
mixture  waa  stored  in  ice  until  centriiugation, 
which  was  performed  in  a  refrigerated 
centrifuge  (2°  to  4°  C.)  for  20  minutes  at 
T'o  x  g.  The  majority  of  the  BupcruaUi.l 
fluid  and  fat  was  aspirated  and  the  marrow 
reauspended  by  aspiration  into  a  syringe 
through  a  20-gage  needle,  which  also  served  to 
remove  any  small  clots  and  bone  chips.  No 
other  filtration  or  screening  was  utilized.  The 
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FIGURE  t 

Vatwuw  apparatus  used  fur  marruw  rstractivHS, 


final  marrow  #ii#[*ui#i<>ri  constituted  a  volume 
of  20  to  30  ml.  anil  was  stored  at  2"  to  4-1  C. 
until  reinfuslon,  a  period  of  2  to  3  hours,  Total 
storage  time  for  the  aspirated  marrow  was  4  to 
6  hours. 

After  a  2*  to  3-hour  recovery  from  nnesthe- 
aia,  the  animals  were  irradiated  using  a 
cobalt  6h  facility,  the  details  of  which  have 
been  previously  described  (13).  The  animals 
were  irradiated  in  a  wooden  box  using  anterior 
and  posterior  fields;  they  were  turned  halfway 
through  the  period  of  irradiation,  thus  requir¬ 
ing  a  1-  to  2-minute  interruption,  A  midline 
air  dose  of  980  K  was  delivered  at  93  R  per 
minute.  Approximately  1  to  2  hours  poat- 
irradiation  the  animals  were  again  lightly  an¬ 
esthetized  with  intravenous  sodium  thiopental, 
and  marrow  from  the  appropriate  donor  was 
infuaed  in  a  leg  vein.  The  marrow  was  injected 
over  a  period  of  1  minute.  There  was  no  direct 
morbidity  or  mortality  associated  with  the 
transplamauoii  procedure.  Proph/iacuc  anti¬ 
biotics  were  administered  daily  from  days  2  to 
16  posttransplantation  and  consisted  of  300,000 
units  of  penicillin  and  40  mg,  of  tetracycline 
intramuscularly  once  a  day.  Preliminary  work 
using  this  transplantation  procedure  in  animals 
receiving  autologous  transplants  after  a  mid¬ 
line  air  dose  of  930  or  980  R  under  similar  con¬ 
ditions  resulted  in  takes  in  all  14  animrij.  Two 
nnimala  subsequently  died  at  28  and  37  days; 
both  deaths  may  have  been  secondary  to  drugs 
which  the  animals  were  receiving,  as  the 
peripheral  blood  counts  had  returned  to  normal 
before  the  animals  died.  The  remaining  12 
animals  are  alive  19  months  after  transplanta¬ 
tion. 

Since  the  marrow  was  obtained  from  living 
donors,  the  suspensions  consisted  of  a  mixture 
of  bone  marrow  and  blood  and  the  cell  counts 
have  been  expressed  as  “total  nucleated  cells.’* 
The  number  of  cells  received  ranged  from 
4.1  x  10"  to  2.2  X  19“  total  nucleated  cells 
(1.2  x  10"  to  6.7  x  10"  nucleated  cells  per  kilo¬ 
gram).  Those  animals  receiving  immuno¬ 
suppressive  agenta  were  given  the  Initial  dose 
at  the  time  of  the  marrow  infusion  (day  0). 
Azathloprine  (8  mg./ml.)  was  administered 
intravenously  in  a  dose  of  3.0  mg./kg.  on  days 


0.  1,  and  2,  and  1,0  mg./kg.  on  days  3  through  14 
posttraiisplantation,  Amcthopterin  (6  mg./ml.) 
was  administered  in  four  subcutaneous  sites 
each  day  on  days  0,  2,  4.  6,  and  8  posttrans¬ 
plantation  in  a  do«e  of  1.0  mg.  'kg.  A  summary 
of  pertinent  transplantation  data  for  each 
animal  is  presented  in  tahlc  i. 

All  animals  were  housed  in  individual,  ad¬ 
jacent  wire  cages  with  free  access  to  water. 
Routine  fee  ing  consisted  of  a  commercial 
monkey  chow  interspersed  with  peanuts  and 
fruit.  Daily  weights  and  temperatures  were 
obtained  on  each  animal  as  well  as  evaluation 
of  activity,  appetite,  appearance,  and  elimina¬ 
tion,  If  an  animal  was  found  dead  in  the 
morning,  survival  was  scored  until  the  preced¬ 
ing  day.  All  animals  were  necropeied,  and  the 
histopathologic  findings  will  be  reported 
separately, 

Baseline  blood  aamnles  were  obtained  m 
two  occasion#  in  the  six  weeks  before  trans¬ 
plantation;  the  second  sample  was  obtained 
approximately  two  weeks  before  transplanta¬ 
tion  and  has  been  presented  in  the  following 
data  as  the  baseline  value.  Posttransplanta¬ 
tion,  the  animals  were  sampled  twice  weekly 
for  peripheral  blood  counts  and  once  per  week 
for  serum  enzyme  and  chemistry  determina¬ 
tions.  The  initial  sample  was  obtained  on  day 
7  with  subsequent  sample#  on  day  10  or  11 
(these  points  have  been  pooled  in  the  data  and 
presented  as  an  li-day  point),  day  14,  and  in 
the  few  survivors,  on  days  17  and  21.  In  ad¬ 
dition,  counts  were  occasionally  performed  if 
an  animal  was  extremely  ill  or  moribund  to 
determine  if  there  had  been  a  take.  Since 
most  of  the  postirradiation  data  does  not  follow 
a  normal  distribution,  the  data  have  been  cal¬ 
culated  and  tabulated  as  the  26th,  60th,  and 
75th  percentiles. 

The  peripheral  blood  counts  included 
hematocrit,  platelet,  reticulocyte,  and  leukocyte 
counts;  serum  chemistry  and  enzyme  deter¬ 
minations  included  isocltric  dehydrogenase 
(ICD),  serum  glutand"  pyruvic  transaminase 
(SOFT),  serum  glutamic  oxaloacetic  trans¬ 
aminase  (SGOT),  alkaline  phophatase,  lactic 
dehydrogenase,  leucine  aminopeptidase  (LAP), 
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blood  ill's*  nitrogen  (BUN),  creatinine,  and 
total  protein  with  electrophoresis.  The  method* 
of  determination  and  normal  va!u»t»  for  the 
rhesus  monkey  in  our  laboratory  have  been 
previously  reported  by  Andcraon  (3)  »ul.  ‘.he 
exception  of  the  isocitric  dehydrogenase. 

111.  RESULTS  AND  DISCUSSION 

Several  authors  have  demonstrated  the 
ability  of  transplanted  allogeneic  bone  marrow 
to  proliferate  in  iethally  imutUUsl  monkeys 
(1,  10,  19,  27,  28),  In  earlier  work  from  our 
laboratory,  the  erythrocytic  types  in  donor  and 
recipient  animals  were  purposely  mismatched 
in  order  to  confirm  that  a  take  had  been 
established  (27,  28).  In  the  present  study, 
since  each  set  was  of  the  same  erythrocytic 
type,  it  was  not  possible  to  use  this  method  of 
assessing  a  take.  In  addition,  since  the  animals 
in  each  set  were  of  the  same  sex,  it  was  not 
possible  to  evaluate  the  presence  of  female 
donor  cells  in  males  by  karyotype  or  by  using 
drumstick  markers  as  described  by  Magliulo 
et  al.  (IB).  We  therefore  defined  a  take  as  an 
increasing  reticulocyte  count  (^t  0.3%)  or  an 
increasing  leukocyte  count  (=*  1,000  cells) 
per  cubic  millimeter,  or  both.  Justification  for 
this  was  based  on  the  results  obtained  from 
two  preliminary  groups  of  animals  in  which: 
(1)  animals  receiving  autologous  transplants 
under  the  above  conditions  showed  beginning 
recovery  of  their  peripheral  blood  elements  by 
10  days  posttransplantation;  and  (2)  10  ani¬ 
mals  irradiated  unde’”  the  above  conditions  but 


not  receiving  bone  marmw  transplants  showed 
no  evidence  of  recovery  of  either  reticulocyte 
or  leukocyte  counts  before  death,  which  oc¬ 
curred  from  10  to  16  days  poetir.adiation,  with 
«  median  of  12  days.  Per*  urnt  data  from  this 
group  have  h«-i  Lm-iijded  for  purposes  of  com¬ 
parison. 

By  use  of  these  criteria  to  define  a  taka, 
there  were  73%  takes  in  both  the  control  and 
amethopterin  groups  and  47%  in  the  azathio- 
princ  group  (tabic  ilj.  These  numbers  proba¬ 
bly  represent  minimal  figures,  as  some  animals 
died  before  the  time  that  a  take  was  evident 
from  the  peripheral  blood  counts, 

The  hematologic  data  for  all  groups  have 
been  tabulated  in  table  III.  The  hematocrits 
declined  in  all  groups  postirradiation.  as  shown 
in  figure  2.  The  leukocyte  and  reticulocyte 
counts  (fig.  3)  were  markedly  reduced  at  day  7, 
as  were  the  platelet  counts  (fig.  2),  although 
the  group  receiving  no  bone  marrow  showed  a 
less  marked  platelet  drop  at  7  days,  thus  raising 
the  possibility  that  the  grsft-versus-host  reac¬ 
tion  in  the  animals  receiving  allogeneic  bone 
marrow  transplants  contributed  to  platelet 
destruction.  The  group  receiving  only  bone 
marrow  showed  an  increase  in  the  leukocyte, 
platelet,  and  reticulocyte  counts  at  day  11.  The 
azathioprine  group  showed  a  similar  increase 
in  platelets  by  day  11,  but  do  change  in  the 
leukocyte  count  at  that  time;  the  reticulocyte 
count  was  also  increasing  at  day  11,  but  not  as 


TABLE  II 
Percent  takea 


Group* 

Ketkuloej 

tee  2s  0.3% 

WBC  2s  1,000/mm.* 

Total  takes 

Number 

Ptreent 

Number 

Percent 

Number 

Percent 

Control 

0 

60 

11 

73 

11 

73 

Axathioprine 

7 

47 

1 

6 

7 

47 

Ametbo  pterin 

It 

. 

8  ! 
- 1 

63 

11 

73 

•IftfWMft  lAunitk  la  rr»«p 
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FIGURE  3 

ftrySw  •/  ftematocril  and  platelet  count  after  trmuptnnta Horn.. 


TABLE  HI 

Hematocrit,  platelet t,  leukocytes,  reticulocytee  tabulated  t'n 
percentdet:  Both  (tsth,  75th) 


D»7 

Irradiation  only 

Bon*  marrow,  no  druc 

Bom  marrow, 
authiopriDe 

Bone  marrow, 
amethopterin 

B*«ellne 

40.6  (39.0,  42.6) 

Hematocrit  (39) 

39.0  (37.0,  41.0) 

1 

37.0  (86.0,  39.0) 

38.0  (37.0,  40.0) 

7 

37.6  <36.0,  30.6) 

36.0  (33.0,  38.0) 

34.0  (32.0,  37.0) 

37.0  (33.0,  39.0) 

11 

34.6  <26.6,  37.6) 

33.0  (28.0,  38.0) 

29.0  (  24.0,  34.0) 

33.6  (31.0,  34.0) 

14 

— 

— 

— 

31.0  (28.0,  S2.S) 

Baseline 

344  (300,868) 

Platelet*  X  10* 

276  (236,  291) 

266  (  236,  362) 

367  (348,  276) 

7 

186  (133,206) 

26  (17,  62) 

20  (14,68) 

60  (40,  102) 

11 

22  (11,29) 

77  (60,  83) 

66  (37,  80) 

62  (  24,  68) 

14 

“  1 

— 

— 

98  (  60, 136) 

Baseline  j 

12.3  (11.6,  13.9) 

Leukocyte*  X  10* 

9.20  (  6.26, 10.9) 

8.86  (6.60,  10.9) 

7.20  (6.90,  8.46) 

7 

C.28  (0.22,  0.40) 

0.46  (0.26,  O  66) 

0.36  (  0.16,  0.66) 

0.10  <  0.06,  0.20) 

11 

0.11  <0.05,  0.17) 

2,00  (1.00,  230) 

0.40  (  0.28,  0.73) 

0.26  (0.16,  0.40) 

14 

— 

— 

— 

1.06  (  0.63,  1.69) 

Baseline 

0.6  '(0.4,  0.S) 

Reticulocyte*  (%) 

|  0.7  <0.4, 0.9) 

0.6  (0.3,  0.7) 

0.6  (0.3,  1.1) 

7 

0 

0 

0 

0 

11 

0 

1.0  (0.6,  2.4) 

0.4  <0.06,  1.00) 

0.1  (0, 0.2) 

14 

..  -  _ 

— 

— 

— 

0.6  (0.4,  2.6) 
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FIGURE  3 

VtrutiicM  of  leukocyte  oud  reticulocyti  count t  after  leantplantation, 


LEUKOCYTES  xl05  HEMATOCRiT 


Br  BASELINE 
8  °  IRRADIATION  ONLY 
•  «  BONE  MARROW.  CONTROL 
V|gJ|E  MARROW,  A2ATH*0PftlN£ 

6  *  BONE  MARROW,  AMETHOPTERM 


r  v 


K5 

O 

X 

M 

£- 

uj  2 

UJ 

h* 

< 


B  0 


-L 


14  i~ 
12 
10  - 


10 


DAYS  POST- TRANSPLANTATION 

key: 

B*  BASELINE 
°  *  IRRADIATION  ONLY 
-  *  BONE  MARROW,  CONTROL 
BONE  MARROW,  AZATHIOPRINE 
iONE  M '  RROW,  AMETHOPTERIN 


DAYS  POST-  TRANSPLANTATION 


TABLE  IV 

ICD,  SGOT,  SGPT,  and  LDH  tabulated  in  percentiles:  50th  (S5th,  75th) 


ru- 

Irradtetk'?!  only 

Bon«  marrow, 
no  dru* 

Bone  marrow, 

- at- 1 _ 

UHUUU^MUie 

Bone  marrow, 

_  _  _  A  V  »  —*■  -  J- 

WlllCVUU^V^liU 

Bmllai 

10  <8,  17) 

ICD 

14  <10,  81) 

14  <11,  19) 

IS  (10,  17) 

7 

11  <9,  14) 

64  (31,64) 

60  <  36,  89) 

17  (13,  24) 

14 

— 

— 

41  (24,  62) 

BaaalliM 

1 

SC  (29,  40) 

SGOT 

26  (18,33) 

28  (22,  32) 

26  (20,  28) 

7 

28  (21,26) 

66  (32,  116) 

76  (63,  97) 

61  (42,  64) 

14 

— 

— 

— 

60  (43,96) 

Baaelina 

19  (19,22) 

SGPT 

27  (21,30) 

26  (23,  30) 

22  (20,31) 

7 

27  (23,29) 

66  (  42,  91) 

76  (  66, 106) 

62  (32,  74) 

14 

— 

— 

— 

64  (41,96) 

Baaalina  1 

606  (S90,  680) 

LDH 

416  (  360,  610) 

396  (  320,  666) 

430  <340,  466) 

7 

448  (386,  486) 

1,088  (  716,  1,338) 

1,146  <  840,  1,395) 

816  <  660. 960) 

.  «  ..  ! 

— 

— 

— 

663  (  666,  1,060) 

TABLE  V 

Leucine  aminopeptidase  (LAP),  alkaline  phosphatase,  BUN,  and 

creatinine  tabulated  in  percentiles 

:  BOtk  (XSth,  75th) 

IHy 

Irradiation  only 

Bone  marrow, 
no  drag 

Bone  marrow, 
aaathioprine 

Bone  marrow, 
amethopterin 

Bane Mat 

190  (169,  209) 

LAP 

176  (147,  217) 

177  <149,  221) 

231  (173,269) 

7 

171  (1*3, 186) 

306  (169,367) 

260  (166,412) 

170  (168,267) 

14 

— 

— 

— 

113  (90,  220) 

Baaelioe 

19  (16,21) 

Alkaline  pfcwpkata 

14  <11, 17) 

M 

!  15  <12,  22) 

16  (12,  19) 

7 

13  (11, 19) 

7(6,9) 

I  10  (6,  12) 

8  <6,  11) 

14 

— 

— 

— 

9  (6, 11) 

Emm!  in* 

19  (17,21) 

BUN  (mg  %) 
18  (16,  20) 

19  (17,  20) 

19  (17,21) 

7 

21  (18,  34) 

46  (  34,  66) 

46  (30,  96) 

38  (23,  69) 

14 

— 

— 

— 

33  (22,  46) 

RaaeHna 

0.9  (0.8,  1.0) 

Creatinine  (mg  •& 

OS  (08,  1.0) 

) 

OS  (0.8, 1.0) 

0.9  (0.S,  1.0) 

7 

0.9  (0.7,  1.0) 

1.0  <0.9,  1.1) 

OS  (0.7, 1.4) 

0.8  (0.7,  0.9) 

14 

— 

— 

— 

0.6  (0.6,  0.9) 

8 


sharply  us  in  tiw  «»urp  -receiving  m>  immuno¬ 
suppressive  agents.  The  group  receiving 
amethopterin  manifested  a  sustained  supprcs- 
sior.  of  the  Isvikceytc  snd  plstelet  counts  at 
day  11 ;  however,  the  counts  increased  by 
day  14 ;  the  reticulocyte  counts  showed  a  alight 
increase  by  day  11  and  a  further  increase  by 
day  14,  The  reticulocyte  counts  of  al!  of  the 
groups  receiving  transplants  were  increasing 
by  day  11,  showing  the  most  marked  increase 
in  the  group  receiving  no  immunosuppressive 
agents.  The  reticulocyte,  leukocyte,  and 
platelet  counts  increased  during  the  period  of 
increasing  mortality  for  each  of  the  groups 
receiving  bone  marrow  transplants, 


The  serum  chemistry  and  enzyme  deter¬ 
minations  have  been  tabulated  in  tables  IV,  V, 
and  VI,  ami  the  mure  significant  results  are 
shown  in  4.  Ths  isocitric 
MOD)  remained  ea*entinily  unchanged  at 
7  Jays  in  the  group  receiving  no  bone  marrow 
and  in  the  amethopterin  group.  The  control 
group  and  the  azathioprine  group  showed  a 
sharp  and  significant  increase  in  this  param¬ 
eter  at  7  days  <  1*  <  .01).  The  SCOT  and 
SGPT  show  parallel  trends,  but  differ  from 
the  ICD  determination  at  7  days  as  there  is  a 
significant  elevation  in  all  of  the  groups  re¬ 
ceiving  bone  marrow  transplants,  while  in  the 
group  receiving  no  bone  marrow  there  is  not  a 


TABLE  VI 

Total  protein  and  electrophoresis  results  tu  uluted  in 
percentiles:  SOth  (25th,  75th) 


Day 

Irradiation  only 

Bone  marrow, 
no  drug 

Bone  marrow, 
azathioprine 

Bone  marrow, 
amethopterin 

Total  protein  (gm. 

%> 

Baseline 

7.8  (7.2,  8.0) 

7.7  (7.3,  8.2) 

8.1  (6.9,  8.3) 

7.7  (7.4,  8.1) 

7 

6.9  (6.6,  7.1) 

6.3  (6.9,  6.8) 

6.3  (6.6,  6.6) 

7.1  (6.8,  7.6) 

14 

— 

— 

— 

6.8  (6.6,  6.2) 

Albumin  (gm.  %) 

Baseline 

4.6  (4.4,  4.8) 

4,6  (4.0,  4.8) 

4.4  (4.2,  4.7) 

4.9  (4.2,  6.1) 

7 

4.6  (4.4,  4.7) 

3.1  (2.8,  3.6) 

3.0  (2.8,  3.3) 

3.7  (3.0.  412) 

14 

_ 

— 

— 

2.8  (2.3,  3.6) 

A1pha1  and  alpha8  globulins  (cm.  %) 

Baseline 

0.3  (0.3,  0.4) 

0.9  (0.8,  1.1) 

0,9  <0,8,  1.1) 

0.8  (0,7,  1.0) 

7 

0.6  (0.6,  0.6) 

1.0  (0.8,  1.4) 

1.1  (0.9,  1.6) 

1.1  (0.0,  112) 

14 

— 

— 

0.9  (0,7,  1.3) 

Beta  globulins  (gm.  %) 

Baseline 

1.2  (0.9,  1.3) 

1.3  (0.9,  1.6) 

1.2  (1.0,  1.3) 

1.0  (0.9,  1.3) 

7 

1.1  (0.9,  1.2) 

1.3  (1 2,  1.6) 

1.4  (1.3,  1.6) 

1.6  (1.0,  1.7) 

14 

— 

— 

— 

1.2  (1.1,  1.6) 

Gamma  globulina  (ini.  %) 

Baseline 

1.5  (1.3,  1.6) 

1,0  <0.9,  1.2) 

1.3  (0.8,  1.6) 

1.1  (0.9,  1.3) 

7 

0.8  (0.6,  0.9) 

0.7  (0.6,  0.8) 

0.6  (0.6,  0.B) 

0,8  (0.7, 1.0) 

14 

— 

— 

— 

0.6  (0.3,  0.7) 

9 


significant  difference  between  he  baseline 
value  and  the  7-day  value.  This  sharp  increase 
in  the  SGOT,  SGPT,  and  the  ICD  at  7  days  is 
not  seen  in  animals  receiving  autologous  trans¬ 
plants  (11  27).  The  ICD  level  is  reported  to 
be  a  sensitive  measure  for  the  determination 
of  hepatic  cell  injury  (2),  In  this  study  the 
group  receiving  amethopterin  revealed  no 
significant  change  in  the  ICD  level  at  7  days, 
while  the  SGOT  and  SGPT  levels  were  elevated 
significantly  (P  <  ,01).  At  14  days  the  ICD 
level  increased  (P  <  ,05),  while  there  was  no 
significant  change  in  the  SGOT  and  SGPT 
levels  as  compared  to  the  7-day  determinations. 


Since  the  objective  of  the  study  was  to 
maintain  living  animals  either  in  the  form  of 
stable  chimeras  or  as  possible  reversals,  the 
parameter  of  greatest  interest  was  survival. 
Examination  of  the  survival  curves  (fig.  6) 
shows  no  significant  difference  between  the 
curves  for  the  control  and  azathioprine  groups, 
with  no  survivors  beyond  14  days.  Two-thirds 
of  the  group  treated  with  amethopterin  were 
alive  at  day  14,  but  there  were  no  survivors 
beyond  21  days. 

A  more  meaningful  comparison  is  that  of 
the  average  survival  time,  which  was  10.5  days 
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FIGURE  6 

Survival  afltr  transplantation  (or  the  three  experimental  groups. 


in  the  control  group,  10.3  days  in  the 
azathioprine  group,  and  14.7  days  in  the 
amethopterin  group.  There  ia  no  significant 
difference  between  the  average  survival  times 
of  the  control  and  azathioprine  groups;  how¬ 
ever,  the  net  effect  of  the  amethopterin  ap¬ 
peared  to  be  simply  one  of  forestalling  the 
onset  of  secondary  disease  as  the  clinical  course 
of  this  group  paralleled  the  others  after  a  brief 
delay.  The  survival  times  for  the  different 
blood  types  showed  no  statistically  significant 
relationship  with  red  cell  types.  In  addition, 
an  analysis  of  the  number  of  cells  received 
showed  no  significant  difference  among  the 
treatment  group  means,  indicating  no  bias  in 
the  survival  times  due  to  differences  in  the 
number  of  cells  received.  Comparison  of  the 
average  survival  times  of  the  control  and 
amethopterin  groups  yields  P  <  .001. 

Figure  6  shows  the  estimated  degree  of 
cellularity  of  vertebral  bone  marrow  sections 
obtained  at  necropsy  versus  the  day  of  death. 


Cellularity  of  vertebra)  marrow  for  normal 
monkeys  in  this  age  group  in  our  colony  is 
approximately  66%  to  70%.  Differing  sym¬ 
bols  have  been  used  to  indicate  whether  a  take 
was  obtained  as  defined  by  the  peripheral  blood 
findings.  The  control  and  amethopterin  groups 
show  similar  pictures,  with  the  latter  shifted 
slightly  in  time  corresponding  to  the  increased 
survival  times.  The  azathioprine  group  shows 
a  marked  reduction  in  cellularity  as  compared 
with  the  other  groups.  This  finding  was  not 
unexpected  since  animals  receiving  autologous 
transplants  with  this  azathioprine  regimen 
showed  evidence  of  marked  bone  marrow  de¬ 
pression  until  administration  of  the  drug  was 
discontinued,  Vertebral  marrow  sections  of 
the  10  animals  which  did  not  receive  marrow 
transplants  appeared  hemorrhagic  or  had  less 
than  6%  cellularity. 

While  the  dose  of  radiation  used  in  the 
present  study  is  supralethal  for  animals  In 
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FIGURE  6 

Ktlatipnihip  bctwttn  virltbra!  marrow  ctlMarMy  and  day  of  dtath. 


our  colony,  there  were  no  early  deaths  in  the 
nontranBplanted  group  or  in  the  animals  treat¬ 
ed  with  autologous  bone  marrow,  suggesting 
that  the  dose  used  is  below  that  which  will 
cause  a  significant  number  of  early  deaths 
from  gastrointestinal  damage.  An  examina¬ 
tion  of  the  number  of  deaths  occurring  each 
day  posttransplantation  (fig.  7)  shows  that 
there  were  several  early  deaths  in  the  control 
and  azathioprine  groups.  Few  deaths  occurred 
during  this  period  in  the  amethopterin  group. 


The  number  of  animals  is  small,  but  the 
question  may  be  raised  as  to  whether  the 
early  deaths  are  the  result  of  severe  secondary 
disease  or  additional  stress  from  rejection  of 


the  graft  superimposed  on  the  radiation 
damage.  Crouch  and  Overman  (9)  have  sug¬ 
gested  that  the  decreased  incidence  of  takes  in 
their  lethally  irradiated,  lower-dose  groups 
may  be  due  to  rejection  of  the  transplant  by 
the  host.  In  the  present  study  this  may  be 
the  mechanism  for  some  of  the  early  deaths 
in  spite  of  a  supralethal  dose  of  radiation.  If 
this  were  true,  one  might  speculate  that  the 
potential  action  of  an  immunosuppressive  agent 
is  twofold:  (1)  suppression  of  the  host’s 
residual  immune  mechanisms  with  an  overall 
increase  in  the  number  of  takes ;  and  (2)  sup¬ 
pression  of  the  graft-versus-host  reaction.  In 
the  present  study  there  was  no  evidence  of  an 
increased  number  of  takes  with  the  dose  reg¬ 
imens  utilized. 
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FIGURE  7 

Number  of  deathe  per  day  [or  the  three  experimental  groupi. 


Although  it  i«  technically  feasible  to  effect 
successful  bone  marrow  transplants  in  man  and 
other  primates,  the  fatal  secondary  disease 
which  intervenes  remains  an  enormous  obstacle 
to  practical  success.  The  potential  usefulness 
of  allogeneic  bone  marrow  transplants  in 
man — such  as  in  leukemic  patients,  individuals 
with  disseminated  radiosensitive  metaatases, 
or  victims  of  radiation  accidents — remains  a 
considerable  stimulus  to  finding  a  successful 
method  of  overcoming  secondary  disease  in 
man.  Although  Mathe  and  associates  (16)  and 
Beilby  et  al.  (4)  have  had  success  in  establish¬ 
ing  chimerism  in  man,  the  overall  results  to 


date  have  been  disappointing.  Recently,  evi¬ 
dence  is  accumulating  that  cyclophosphamide 
may  be  of  some  value  in  modifying  secondary 
disease  in  primates  (5,  11,  19),  and  it  is  pos¬ 
sible  that  more  effective  immunosuppressive 
agents  will  appear  in  the  future.  Other  pos¬ 
sible  approaches  include  antilymphocyto 
serums,  better  typing  of  histocompatability, 
the  UBe  of  pooled  marrow  (16,  18),  or  modifica¬ 
tion  of  the  immunologically  competent  cells  by 
temporary  storage  of  marrow  under  various 
conditions  as  suggested  by  Mathe  et  al.  (17) 
and  Van  Bekkum  (6).  Combinations  of  these 
approaches  may  possibly  prove  effective. 
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